Background. Adults benefit more from external focus than internal focus when performing motor skills. Objectives. The aim of this study was to investigate the effects of internal and external focus of attention on dart throwing performance in children with and without developmental coordination disorder. Methods. Twenty men, 20 normal boys and 20 boys with developmental coordination disorder were selected by Motor Observation Questionnaire for Teachers. The task was to throw the darts to the target which was performed in two experimental conditions including internal (related to the movements of the fingers and arm) and external (related to target and dart's course) focus of attention. Results. The results of ANOVA with repeated measures indicated that along with Constrained Action Hypothesis, adults performed better in condition of external focus of attention. However, for normal children, the use of internal focus of attention was more effective and in children with developmental coordination disorder, no significant difference between two conditions was found. Conclusion. According to results of this study, therapists and coaches should adjust their methods and instructions based on age, experience and developmental conditions of individuals.
INTRODUCTION
Developmental coordination disorder (DCD) is a disability in which a child's motor coordination problems significantly interfere with daily activities and academic achievement. It affects 5-6% of children in schools. These children have difficulty with motor skills, motor learning, and motor performance. They don't participate in play and activities, which can result in depression, isolation, and decreasing the quality of life (1) .
Occupational therapists usually want to direct the learners' attention to different environmental cues or body movements to improve their motor learning. Studies on adults have shown that, directing the learners' attention to an external cue (impact of the movement on the environment) is more effectual than an internal cue (body movement) (1) (2) (3) and causes more effective arousal (4) . These results have been shown in tasks and sports skills such as balance in healthy people (5) , balance in individuals with Parkinson disease (6) , long jump (7), endurance activity (8) , golf (9) , volleyball (10) , and Football (11) .
The constrained action hypothesis is used to explain the benefits of utilizing an external rather than an internal focus of attention. According to this hypothesis, when learners are asked to utilize an internal focus, they consciously control their movement, which constrains the motor system and disrupts automatic control processes. Nevertheless, utilizing an external focus (on the movement effect), allows unconscious or automatic processes to control the movement, and results in more effective performance and learning (11) .However, studies have shown that there is a significant interaction effect between the type of attentional instruction and skill level. Highly skilled performers act better in condition of external focus of attention, whereas less-skilled performers act better in condition of internal focus of attention (12, 13) .
We can assume that children are similar to novice performers in their lack of experience, unfamiliarity with skills, and low motor repertoire. In contrast, adults have had a lot of motor experiences. Moreover, children have difficulty in focusing during motor performance (14) . However, we couldn't find enough research regarding the effects of focus of attention on motor performance of children especially children with DCD. Some research have mentioned the advantage of an external focus of attention for children (15, 16) ,whereas some others have reported the opposite results (17, 18) . Presumably, developmental differences would affect motor performance, so the better focus of attention for children may be different from that of adults (15, 18) . Thus, the aim of this study is to investigate the effects of internal and external focus of attention on motor performance of adults and children with and without DCD. The task we used was dart throwing. We supposed that the effects of internal and external focus of attention are different in adults and children with and without DCD.
MATERIALS AND METHODS
Participants. Three groups of people participated in this study: adults (20 healthy men aged 19 -23that were students of a university), normal children (20 healthy boys aged 7-11) and DCD children (20 boys aged 7-11 who were diagnosed by the researcher as DCDs). All children were selected from an elementary school. Inclusion criteria for participants were: being right handed, being unfamiliar with the task, participants' satisfaction for cooperation, parents' satisfaction for children, and absence of obvious nervous, muscular, skeletal or mental problems.
Apparatus and task. To select the children with DCD, we used the Persian version of motor observation questionnaire for teachers (19) . This questionnaire is used to screen the children with DCD aged 5-11 years old. It consists of 18 items including two subscales (14 items related to general motor function and 4 items related to writing) and teacher has to answer the questions by considering the child's behavior. The reliability of the questionnaire (0.91) has been approved. According to the questionnaire, children under the 16th percentile were diagnosed as DCDs (19) and then, normal children were matched with DCDs in terms of age.
The task was to throw darts at a dartboard which was 38 cm in diameter. The dartboard had nine concentric rings, each 2 cm in width, and 2 cm diameter bull's eye in the center. The bull's eye's height and distance were adjusted according to age (the height for adults 1.70 m and for children 1.22 m; the distance for adults 2.30 m and for children 1.50 m), as recommended by Emanuel et al (18) . The task required participants to throw darts at the bull's eye. A dart that hit the bull's eye was given 10 points, and so on, with a dart that hit the outermost ring was given 1 point. Darts that missed the dartboard were given 0 points (20) .
Procedure. The research was conducted in a quiet room. At first, the examiner spoke with each participant to explain and show the basic technique of the task. All participants were given the same instructions about the task goal. Instructions for the internal focus were related to the movements of the fingers and arm and they included: 1. Feel the weight of the dart. differently to get it closer to the target. Instructions for the external focus were related to the target, the dart and its course and they included: 1. Focus on the target.2. When ready, throw the dart towards the dartboard.3.Follow the flight of the dart, focusing on it to strike thedartboard.4. Maintain your focus until the dart strikes the dartboard (18, 21) . Using a withinparticipant design, the ordering of conditions of attentional focus was counterbalanced across participants over two consecutive days of testing. Each participant was assigned a different condition of focus of attention each day. In each condition, participants threw 50 darts in 5 trial blocks (10 throws per block) (18) . Ten darts were used for each trial block. After each trial block, the darts were removed from the dartboard by the experimenter and were used again for the next trial block. At the beginning of each trial block, the examiner reminded the participants of the instructions.
Average scores in each trial block were calculated and used for statistical analysis.
Data analysis.
We checked the data for normality with the Kolmogorov-Smirnov test. Data were analyzed by a 3 (groups: adults, normal children, children with DCD) × 2 (focus of attention: internal vs. external) × 5 (trial blocks) mixed analysis of variance (ANOVA) with repeated measures, and because the within subject (trial block) had five levels, Mauchly's test was used to determine sphericity. Tukey post hoc test was used to specify experimental groups with different means. Then a 2 (focus of attention: internal vs. external) × 5 (trial blocks) mixed ANOVA with repeated measures was used for each experimental groups and Bonferroni post hoc test was used to specify trial blocks with different means. SPSS-18 Statistics was used and statistical significance was set at p < 0.05.
RESULTS
Score results of dart throwing for three experimental groups in two conditions of focus of attention during the five trial blocks are shown in the table 1 and figures 1. According to results of the three-way mixed ANOVA, the main effect for the group (F(2)=476.473, p=0.000) and block (F(4,228)=476.473, p=0.000) and the interaction effect between focus of attention and group (F(2,57)=476.473, p=0.000) were significant. The results of Tukey test indicated that there was a significant difference between the performance of adults and normal children (p=0.000) as well as normal children and children with DCD (p=0.000).
The results of 2-way ANOVA with repeated measures for each group indicated that in adults, the main effect of the focus of attention was significant (F(1,19) =33.347, p=0.000). Therefore, the mean of scores was better in condition of external focus of attention. The main effect of the trial block was also significant (F(4,76)=7.665, p=0.000) and according to Bonferroni test, there was a significant difference between the first and fourth (p=0.048), first and fifth (p=0.000), and second and fifth (p=0.027) blocks. 
Figure1. Scores of dart throwing for three experimental groups in two conditions of focus of attention during the five trial blocks
In normal children, the main effect of the focus of attention was significant (F(1,19) =30.834, p=0.000). Therefore, the mean of scores was better in condition of internal focus of attention. The main effect of the trial block was also significant (F(4,76)=4.602, p=0.010) and according to Bonferroni test, the only significant difference was between the first and fourth blocks (p=0.004).
In children with DCD, the main effect of the focus of attention wasn't significant (F(1,19)=0.105, p=0.749). Therefore, there was no significant difference between two conditions of focus of attention. However, the main effect of the trial block was significant (F(4,76)=15.0087, p=0.001) and according to Bonferroni test, there were significant differences between the first and third (p=0.007) and first and fifth (p=0.014) blocks. No other main or interaction effects were found in any of the groups except those mentioned.
DISCUSSION
As expected, adults performed better than normal children and normal children performed better than DCD peers. Maybe the feelings of frustration manifest as lack of focus and effort, which was leading to poor performance in DCDs.
This behavior is usually seen in DCDs when exposed to motor-based tasks, especially when the tasks are challenging (22) . It was assumed that children with DCD have problems in internal models of movements and feed forward controls which can interfere with their suitable movements (23) . It has been demonstrated that these problems can be attributed to dysfunction of brain areas such as cerebellum and basal ganglia. Abnormal brain networks may lead to poor motor performance; however, the underlying mechanisms are unclear (24) .
The results of this study didn't support the constrained action hypothesis (11) in children. Along with previous research (5-11), adults performed better in condition of external focus of attention, whereas for normal children, the use of internal focus of attention was more effectual and in DCDs, no significant difference between two conditions of focus of attention was found.
In addition to the subject of different levels of automation in children and adults, other explanations for the differences of focus of attention between children and adults include visual system and information processing differences. Adults tend to use visual information automatically, whereas children, who aren't mature in information processing, operate differently. Their information processing system is slow and usually collects unrelated cues from the visual field. Therefore, directing their attention to the visual cues (the target and the dart [external focus of attention]) reduces their performance (18) . Children with DCD have difficulty with motor skills, motor learning, and motor performance that significantly interfere with their daily activities and academic achievement (1) . For the DCD group in this study, the lack of difference between external and internal focus of attention may indicate delayed motor learning, potentially a disability to follow, or apply the focus of attention instructions during performance of task. This indicates that these children may need guidance and instructions more than what was given in this research. Repeated prompting to keep the focus may be important to compensate for executive control issues that are usually observed in these children (25) . Maybe the dart throwing task used in this study was challenging for DCD group and they may have ignored or failed to understand the given instructions. This failure to comprehend or follow the instructions may have caused the lack of statistical difference between the two experimental conditions. In future research, it may be helpful to use simpler tasks for children with DCD. It may result in being able to more effectively use the instructions resulting in different performance in two conditions of focus of attention.
The professions for which the results of this study would be most related are physical education, occupational, and physical therapy. They work with people on skill acquisition and could benefit by recognizing the more effective type of feedback and instructions to use with patients. According to results of this research, therapists and coaches should adjust their methods and instructions based on age, experience and developmental conditions of individuals.
CONCLUSION
One of the limitations of this study was that we didn't consider the possibility of noncompliance of the instructions by participants. Maybe some participants changed their focus of attention and utilized their preferable focus which was different from what they were asked to do. Thus, it may be valuable to consider and control this issue in future studies. Furthermore, a third experimental condition could be added where groups are not given any instructions about focus of attention. It is suggested that the effect of focus of attention not just on performance but also on retention and transfer should be studied. Moreover, using the different types of tasks with different level of complexity can be useful in future research. To generalize the results, future studies can also examine the effect of focus of attention on adults with motor impairment. Therapists and coaches can use the results of this research so that, unlike adults, with the children who intend to learn or relearn a motor skill in the clinic, the instructions related to internal focus of attention should be used more often. Therapists and coaches should consider that children with DCD may need repeated instructions related to both types of internal and external focus of attention. Although it seems that different focus of attention is recruited in children with DCD compared with normal children, this study couldn't explore the mechanisms completely. Thus, future studies are needed in this field.
